Obesity has been linked to the development of osteoarthritis of the knee and increases the probability to fall into total knee arthroplasty. in this study we compared short-term outcome of total knee arthroplasty (tka) in non-obese and obese patients.
of total knee arthroplasty. Foran et al. (4, 5) found that obese patients had lower success rate and knee scores, but also higher failure rates than non-obese patients. It has also been reported that the patients with morbid obesity have an increased risk for postoperative wound complications (6, 7). However, the topic is somewhat controversial, since some reports have found similar results for obese and non-obese patients (8−10), therefore more studies are needed.
Measuring the body mass index (BMI) is generally accepted as an assessment of obesity. It is calculated by dividing the persons' weight in kilograms by their height in meters squared. It has been shown to correlate well with the amount of total body fat. Obesity
INTRODUCTION
Obesity has been linked to the development of osteoarthritis of the knee and increases the probability to fall into total knee arthroplasty (1−3). On the other hand, obesity is also associated with poorer outcome is defined as the BMI > 30 kg/m 2 and morbid obesity with BMI values > 40 kg/m 2 (11) . With young athletes who may have higher body weight due to higher lean body mass, BMI may lead to misclassifications (12) , on the other hand the patients undergoing knee arthroplasty are often elderly (13) and presumably not that athletic (14) . The aim of this prospective study was to examine the effect of obesity on short term outcome of total knee arthroplasty. Particularly, the incidence of postoperative complications and functional results were evaluated.
PATIENTS AND METHODS
Between October 2006 and March 2007, 100 primary unilateral total knee arthroplasties were performed in Department of Orthopedics and Traumatology, Kuopio University Hospital. NexGen, posterior stabilized (PS) total knee prosthesis system (Zimmer, Warsaw, IN, USA) was used for 53 patients. Triathlon cruciate retaining (CR) (Stryker Howmedica Osteonics, Mahway, NJ, USA) system was used for 46 patients and one operation was performed with Thriathlon posterior stabilized components. The operations were carried out by five different orthopedists, with the standard surgical technique (Intra-medullary femoral jig and extramedullary tibial jig). Each patient had a drain postoperatively. A total of 14 patellar surfacing (6 in Group 1 vs. 8 in Group 2) and 13 lateral releases (9 in Group 1 vs. 4 in Group 2) were performed. The consecutive patients were examined by an orthopedist approximately two weeks before the operation and their suitability for the operation was evaluated. Patients' chronic diseases (ASO, hypertension, diabetes, cancer, or cardiac illness), medication, smoking, preoperative range of motion and using ambulatory support for the walking (e.g. crutches, walker) were recorded. The preoperative radiographs were also performed. The radiological degree of severity of arthrosis of the knee was evaluated by Kellgren-Lawrence's (KL) classification (18) and preoperative mechanical axis of the lower limb was measured.
The operation was performed using a tourniquet and spinal anesthesia. All patients had 3g cefuroxime at induction, 20 mg/kg tranexamic acid intravenously immediately after the operation and 40 mg enoxaparin sodium (Klexane) over 4 weeks postoperatively. A portable analgesic infusion pump was used postoperatively. The duration of the operation, postoperative bleeding and transfusions were recorded.
The patients were invited to the Kuopio University hospital for a control on an average at 3 months postoperatively. The patients were examined by routine clinical protocol. The length of the wound was measured with a measuring tape the knee as straight, and the range of motion (ROM) was measured with the goniometer. The postoperative complications were recorded. The level of pain was documented by using visual analogue scale (VAS). The patients' satisfaction with the operation was evaluated with a question, whether they were willing again to the same operation in the same situation: possible answers were "yes" or "no". The postoperative walking ability and balance were measured with a timed Get-Up-and-Go test, in which the patient at first is sitting on a chair and gets up after received a sign, walks 3 m and then turns around, returns to the chair and sits down. The time from leaving the chair to return back until being seated again was measured (15) . Long, weight-bearing coronal and sagittal radiographs of the operated limb were performed and the mechanical axis of the lower limb was measured. A deviation of within ± 3 degrees from neutral was considered to be good and acceptable outcome (16, 17) .
The patients were divided into two groups (obese and non-obese) according to body mass index. The Group 1 (non-obese, n = 48) consisted of patients whose body mass index was < 30 kg/m 2 and the patients with BMI ≥ 30 kg/ m 2 belonged to the Group 2 (obese, n = 52). The mean body mass index in the Group 1 was 26.1 kg/m 2 (22.2−29.4) and in the Group 2 it was 33.0 kg/m 2 (30.0−40.5).
Statistical analysis was performed with the SPSS 14.0 software. Student's T-test was used to assess group differences in continuous variables. Mann-Whitney test was used to evaluate group differences in continuous variables with non-normal distribution and Wilcoxon's signed-rank test was used for the case of repeated measurements and the results were expressed as means with 95% confidence interval. The analyses for categorical variables were performed with Pearson's chi-square test. Correlations between BMI and continuous variables were performed with Spearman's non-parametric correlation. P -value of < 0.05 was considered significant. A statistician was consulted during the study.
RESULTS
The mean age of the patients was 68 (range, 40−86) years. There were 66 women and 34 men. The mean body mass index was 29.7 (22.2−40.5) kg/m 2 . There was no statistically significant difference between study groups in age, number of chronic diseases, medication, smoking, or using of ambulatory support. There were 38 women and 14 men whose BMI was 30 kg/m 2 or more ( Table 1 ). The mean of the Kellgren-Lawrence classification was 3.1 (3.0−3.3) for entire study population. There was no difference between study groups in the radiological degree of severity of the osteoarthrosis or mechanical axis of the lower limb before operation: KL: 3.2/3.1, p = 0.30; Mech. axis 8.0°/6.9°, p = 0.83. The preoperative deviation from the straight mechanical axis was at least 3 degrees in 39 patients in the Group 1 and in 45 patients in the Group 2, p = 0.46. In the parameters, which are related to the operation, statistically significant differences were not perceived between the groups: duration of the operation: 66/69 min, p = 0.42; postoperative bleeding: 391/390 ml, p = 0.88; transfusion: non Group 1/ One patient in Group 2 got two (2) units of the red blood cells because of the low haemoglobin value (Hb 88), p = 0.17.
The obese patients' range of the postoperative motion was worse (p = 0.001), the skin incisions were longer (p = 0.003) and the patients were more painful (VAS) (p = 0.013) than non-obese ones after the operation. There was no difference in the Get-Up and-Go test, between the groups in balance and walking speed. The walking distance reported by the Group 2 patients was slightly shorter. No difference was found in the use of the ambulatory support after three months from the operation ( Table 2) .
The patients in the Group 1 (BMI < 30 kg/m 2 ) reached a clear, but not significant (p = 0.055) improvement in the ROM after the operation (preop. 112º/ postop.119º). No difference in the range of motion (preop. 111º/postop. 111º) was found in Group 2 (BMI ≥ 30 kg/m 2 ). The mean percentual change of the ROM in the Group 1 was 7.3 percent (CI 0.8−11.9) and 1.0 percent (-3.7−5.8) in the Group 2 (p = 0.17). These values are available in 78 patients, because the reliable preoperative values of the ROM were missing in 22 patients. Altogether five postoperative complications (2 wound infections, phlebitis, nerve injury and massive edema) were found in the Group 2 and none in the Group 1 (p = 0.028) ( Table 3 ). The wound infections were superficial and both cases were successfully treated with antibiotics.
The mean of the postoperative mechanical axis of the lower extremity did not differ between groups. However, the deviation from the straight mechanical axis was at least 3 degrees in 15 patients in the Group 2 and in 5 patients in the Group 1, respectively (p = 0.028). One varus malposition of the tibial component and the one perioperative tibial fissure were found in Group 2. These three observations were classified as technical errors and difference compared to Group 1 was statistically significant (p = 0.007) (Table 3) . BMI correlated negatively with ROM and walking distances (r = -0.284; p = 0.004 and r = -0.203; p = 0.043, respectively). Further, BMI correlated with VAS-pain and length of skin incision (r = 0.236; p = 0.018 and r = 0.271; p = 0.015).
When the patients were asked a question if they would be willing to the similar operation again, 1 patient answered negatively in Group 1 and 5 in Group 2 (p = 0.113).
DISCUSSION
As to the elective orthopaedics, more and more patients needing total knee arthroplasty are obese (19, 20) . In Finland the connection between total knee arthroplasty (TKA) and obesity has not been previously studied. In this study significant differences between non-obese and obese patients were found for the functional results (range of motion), postoperative pain and early postoperative complications.
Obesity is associated with weak range of motion after total knee arthroplasty. Shoji et al. (21) studied 192 patients who underwent TKA. The patients were divided into three groups according to their postoperative knee flexion. In the group of patients with the flexion of more than 120º, only 7% were obese. By contrast, in the group of patients who had flexion between 100º and 120º, 28% were obese. In the group of patients with flexion of 100º or less, as many as 78% were obese. Amin et al. (22) showed in their study (n = 82) that complications after TKA were associated with morbid obesity (BMI > 40 kg/m 2 ). Obese patients experienced 13 (32%) postoperative complications, whereas no complications were found in non-obese patients. Patel et al. (23) found that BMI has a weak correlation, but the surgeon seems to have a stronger correlation to early complications.
There are also studies, which overturn the claims about the harmful effects of the obesity on the total knee arthroplasty. It has been shown, that especially the moderately obese patients will achieve nearly the same clinical results as non-obese patients (24) . In our study only 12 patients' BMI was over 35 and among them only two patients' BMI exceeded the limit of 40 kg/m 2 . Their postoperative rate of knee flexion was 120º and 115º, respectively. Complications did not perceive on these patients and they were nearly painless (VAS 0−2).
The relationship between the TKA and obesity has been analysed in earlier studies with several indicators. The functional indicator that has perhaps been most used is the Knee Society Score-method (KSS) (25) . The method consists of two components from which the other measures the operation of the knee joint itself: pain, stability and range of motion (Knee Score = KS). The other measures the patient's functional result: walking and ability to go in the stairs (Functional Score = FS). This method was used by Winiarsky et al. (26) who compared the clinical and radiographic outcomes of 50 cemented total knee arthroplasties in morbidly obese patients with the mean BMI of 44 to 1768 similar procedures in non-morbidly obese patients with the mean BMI of 28. At a mean postoperative time of 4.8 years, the obese patients had significantly lower (p < 0.00005) knee (KS) and functional scores (FS) compared with control group. In some studies the follow-up periods have been fairly long. Foran et al. (4) found that at 15 years there was a trend for obesity to influence the rate of aseptic loosening although this was not statistically significant. We did not measure Knee Society Scores in our short-term postoperative study. However, we used parameters (range of motion, pain and walking) that are included in the KSS.
Our study has some limitations. The number of patients was relatively small (N = 100) and the follow-up time short (3 months). Range of the preoperative motion of the knee was not available from all the patients. On the other hand, the strengths of the study include its prospective nature, homogenous patient population regarding age and morbidity, as well as excellent compliance at the follow-up.
In conclusion, obese TKA patients experienced more complications during the follow-up period and their short-term functional result was impaired compared to non-obese patients. It is probable that larger proportion of the patients who will undergo TKA in the future will be obese. Although the relationship between obesity and poorer outcome in TKA is still widely dividing opinions and further studies are required, we suggest that obese patients should be informed about the increased risk of complications related to TKA and should also be encouraged to loose weight before operation.
